Background: Hemorrhage is the major cause of traumatic death and the leading cause of preventable death. Hyperfibrinolysis is associated with trauma severity. Viscoelastic hemostatic assays show complete clot formation dynamics. The present study was designed to identify the relationship between hyperfibrinolysis and mortality, metabolic acidosis, and coagulopathy in patients with trauma. Methods: Patients with severe trauma (injury severity score [ISS] of 15 or higher) who were assessed using rotational thromboelastometry (ROTEM) were included in the present study from January 2017 to December 2017. Variables were obtained from the Korea Trauma Database or the medical charts of the patients. To identify whether hyperfibrinolysis is an independent predictor of mortality, univariate and multivariate Cox regression analyses were performed. Results: During the 1-year study period, 190 patients were enrolled. In total, 21 (11.1%) had hyperfibrinolysis according to the ROTEM analysis and 46 (24.2%) died. Patients with hyperfibrinolysis had a higher ISS (P = 0.014) and mortality rate (P < 0.001) than did those without hyperfibrinolysis. In multivariate Cox analysis, hyperfibrinolysis (hazard ratio [HR], 4.960; 95% confidence interval [CI], 2.447 to 10.053), age (HR, 1.033; 95% CI, 1.013 to 1.055), lactic acid level (HR, 1.085; 95% CI, 1.003 to 1.173), and ISS (HR, 1.037; 95% CI, 1.004 to 1.071) were independent predictors of mortality. Conclusions: Hyperfibrinolysis is associated with increased mortality, worse metabolic acidosis, and severe coagulopathy and is an independent predictor of mortality in patients with trauma.
INTRODUCTION
Trauma is the most common cause of death in individuals aged younger than 40 years [1] , and bleeding is the major cause of traumatic death and is the leading cause of preventable death [2] . Some patients with traumatic bleeding develop coagulopathy, and those with coagulopathy generally have a higher mortality rate (25%) [3] . The mechanism of trauma-induced coagulopathy is multifactorial and includes hemodilution, hypothermia, platelet (Plt) dysfunction, coagulation factor deficiency, metabolic acidosis, and hyperfibrinolysis [4, 5] .
Hyperfibrinolysis is a pathologic condition in which the rate of fibrinolysis is higher than that of fibrin formation [6] . This condition is associated with trauma severity, which increases mortality [7, 8] . The degree of fibrinolysis is difficult to measure, and the diagnosis of hyperfibrinolysis within a clinically significant period of time is even more challenging to complete. Standard laboratory coagulation tests (e.g., prothrombin time [PT] , partial thromboplastin time [PTT] , and Plt count) cannot be used to measure fibrinolysis [9] . Euglobulin lysis time (ELT) is not clinically useful in individuals with trauma due to its prolonged analysis time, absence of plasma inhibitor, and lack of capability in evaluating the response to antifibrinolytic agents [6, 10] . Recently, studies on the diagnosis of hyperfibrinolysis using viscoelastic hemostatic assays (VHAs) (e.g., rotational thromboelastometry [ROTEM] and thromboelastography are increasing in number [11] [12] [13] . VHAs show the complete clot formation dynamics (i.e., initiation, amplification, strength, and fibrinolysis) in a manner that is faster than laboratory coagulation tests [14, 15] .
However, to our knowledge, investigations on the use of VHAs in patients with trauma in Korea have not yet been conducted. Moreover, research on the association between hyperfibrinolysis and clinical outcomes remains limited. Thus, the present study aimed to identify the relationship between hyperfibrinolysis and mortality, metabolic acidosis, and coagulopathy in patients with trauma and to determine whether hyperfibrinolysis is an independent predictor of death in these individuals.
MATERIALS AND METHODS
This was a retrospective observational study conducted at an authorized regional trauma center. The Institutional Review Board of Pusan National University Hospital approved the study design (IRB No. 1805-019-067). Patients with trauma (injury severity score [ISS] of 15 or higher) who were included in the analysis that used ROTEM were included in the present study between January 2017 and December 2017. Patients aged ≤ 15 years; those who arrived at the hospital at a point more than 12 hours following trauma; and those with a history of burns, hanging, or drowning were excluded.
The following variables were obtained from the Korea Trauma Database: age, sex, systolic blood pressure at presentation, Glasgow coma scale (GCS), ISS, revised trauma score (RTS), mortality, and transfusion. We collected laboratory data from the electronic medical charts of the included patients. Information about hemoglobin (Hb) level, PT (international nor-
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malized ratio [INR]), activated PTT (aPTT), Plt count, fibrinogen level, base excess, and lactic acid level was gathered. Severe trauma was defined as an ISS ≥ 15, and massive transfusion was defined as a transfusion that involved ≥10 U of packed red blood cells within the first 24 hours of admission [16, 17] . ROTEM provides information from clot initiation to fibrinolysis in real time. During use of the ROTEM device, blood is placed inside a cup and the plastic pin is vertically immersed in the cup. The pin subsequently rotates to the left and right. The movement of the pin is not restricted until the coagulation is initiated. As soon as blood clot formation begins, the movement of the pin is restricted. As the clot firmness increases, the movement of the pin becomes more restrictive. The movement of the pin is inversely proportional to the clot firmness, and this is shown in a graphical display. The ROTEM device is a four-channel system that is capable of simultaneously performing four tests. Activators or inhibitors are added to the blood to clearly and rapidly evaluate coagulation status. The basic ROTEM tests (INTEM and EXTEM) add ellagic acid and tissue factor, respectively, and coagulation is activated via the intrinsic and extrinsic pathways. In FIBTEM, cytochalasin D was added to block Plts. Therefore, in FIBTEM, the clot depends only on fibrinogen. In APTEM, antifibrinolytic agent (aprotinin) is added to inhibit fibrinolysis. APTEM is usually used to confirm hyperfibrinolysis. The following ROTEM parameters were included in this study: (1) clotting time, referring to initiation of clotting; (2) clot formation time (CFT), referring to time from clot initiation to a clot firmness of 20 mm;
(3) maximum clot firmness (MCF), referring to maximum clot strength; and (4) maximum lysis (ML), referring to the reduction of clot firmness after achieving MCF ( Figure 1 ). The ROTEM reference values were based on previous research by Lang et al. [18] . Blood samples for ROTEM test were obtained at initial presentation to the emergency department. Hyperfibrinolysis was diagnosed when the EXTEM ML was > 15 and the AP-TEM ML was normal ( Figure 2 ) [6, 10] .
Categorical variables were presented as frequencies and percentages, while continuous variables were presented as means and standard deviations or medians and interquartile ranges according to normality. For categorical variables, Fisher exact test was used. For continuous variables, we compared variables by use of a t-test or Wilcoxon rank-sum test according to normality. Survival curves were obtained using the Kaplan-Meier method, and a log-rank test was performed to assess the hospital mortality rate of the hyperfibrinolysis and non-hyperfibrinolysis groups. To identify whether hyperfibrinolysis is an independent predictor of mortality, univariate Values are presented as number (%) or mean±standard deviation. GCS: Glasgow coma scale; RTS: revised trauma score; ISS: injury severity score.
and multivariate Cox regression analyses were performed. A Cox regression model was used to obtain hazard ratio (HRs) and 95% confidence intervals (CIs). All data analyses were performed using R 3.3.2 (The R Foundation, Vienna, Austria). Survival analysis was performed using the survival package, and comparisons between the two groups were performed using the tableone package. The P < 0.05 was considered statistically significant.
RESULTS
During the 1-year study period, 190 patients were enrolled (Figure 3 ). The demographic information of the participants is summarized in Table 1 . Of the study participants, 148 (77.9%) were male, and 183 (96.3%) had blunt trauma. The number of traffic accidents was 110 (57.9%) and that of falls was 21 (11.1%).
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The mean age of the participants was 53±17.54 years, the mean ISS was 29 ± 9.82, the admission RTS was 9.59 ± 2.87, and the admission GCS was 10.51 ± 4.78. We divided the participants into two groups according to the presence of hyperfibrinolysis. In total, 21 patients (11.1%) were identified as having hyperfibrinolysis in the analysis that used ROTEM, and 46 patients (24.2%) died. Patients with hyperfibrinolysis had a higher ISS (34.48 ± 8.39 vs. 29.29 ± 9.85, P = 0.014), higher transfusion rate (100% vs. 81.7%, P = 0.028), lower admission systolic blood pressure (61.6 ± 56.5 vs. 99.3 ± 39.2 mmHg, P = 0.007), and lower GCS (5.38 ± 3.19 vs. 11.14 ± 4.56, P < 0.001) than did those without hyperfibrinolysis. In the laboratory analysis, the lactic acid level (P < 0.001) and PT INR (P < 0.001) of the hyperfibrinolysis group were significantly higher than those of the non-hyperfibrinolysis group ( Table  2) . With regard to ROTEM parameters, the EXTEM clotting time (P < 0.001) and EXTEM CFT (P < 0.001) of the hyperfibrinolysis group were significantly prolonged, whereas the EX-TEM MCF (P < 0.001) of the hyperfibrinolysis group was lower. Hyperfibrinolysis was associated with worse metabolic acidosis and severe coagulopathy. The Kaplan-Meier survival curves showed that the mortality rate of patients with hyperfibrinolysis was higher than that of those without hyperfibrinolysis (logrank test, P < 0.0001). Moreover, patients with hyperfibrinolysis died earlier than did those without hyperfibrinolysis. The 1-day survival rate of the hyperfibrinolysis group was 50%, and that of the non-hyperfibrinolysis group was 93.4% (Figure 4 ).
To investigate independent predictors of mortality, univariate and multivariate Cox analyses were performed (Table 3 ). Univariate analysis revealed that hyperfibrinolysis, age, ISS, PT INR, and lactic acid level were significantly associated with mortality. In the multivariate analysis, hyperfibrinolysis (HR, 4.960; 95% CI, 2.447 to 10.053), age (HR, 1.033; 95% CI, 1.013 to 1.055), lactic acid level (HR, 1.085; 95% CI, 1.003 to 1.173), and ISS (HR, 1.037; 95% CI, 1.004 to 1.071) were considered to be independent predictors of mortality (Table 4 ). 
DISCUSSION
The primary findings of the present study were as follows. Hyperfibrinolysis was associated with increased mortality, worse metabolic acidosis, and poor coagulopathy in patients with severe trauma and was an independent predictor of mortality in patients with trauma. Age, lactic acid level, and ISS were also considered to be independent predictors. Hyperfibrinolysis is a major component of acute traumatic coagulopathy, and its presence suggests a poor prognosis. However, the diagnosis of hyperfibrinolysis is challenging, and its diagnosis using the ROTEM has not been standardized. Levrat et al. [19] assessed 23 patients with trauma who underwent the ELT test. Patients with an ELT of < 90 minutes were diagnosed with hyperfibrinolysis, with a total of five patients diagnosed with hyperfibrinolysis. When matched with the ROTEM results, an EXTEM MCF of < 18 mm showed 100% sensitivity and specificity. Kutcher et al. [20] diagnosed patients with hyperfibrinolysis if they had an EXTEM ML and APTEM ML > 10. In total, 115 patients were critically injured, and 20 patients were diagnosed with hyperfibrinolysis. In 2009, Schöchl et al. [8] described hyperfibrinolysis as hyperfibrinolytic lysis present in the EXTEM (ML > 15) but not in the AP-TEM; subsequently, most studies have used this same criteri-on [7, 10, 21, 22] . Currently, it is a widely accepted hyperfibrinolysis diagnosis criterion [6] , and we used this criterion in our study.
In this study, the mortality rate of patients with hyperfibrinolysis was 81%, and those with hyperfibrinolysis typically died earlier. More than 64% of deaths from hyperfibrinolysis occurred within 4 days. Our results are similar to those reported in a study by Theusinger et al. [7] . Out of 552 patients with and without trauma, 13 had hyperfibrinolysis due to trauma, and 24 developed hyperfibrinolysis due to nontrauma causes. The 30-day mortality rate (77%) of patients with hyperfibrinolysis due to trauma was approximately twice that (41%) of patients with hyperfibrinolysis due to nontrauma causes. All deaths from hyperfibrinolysis due to trauma occurred within 4 days.
In our study, the univariate Cox analysis showed that the proportion of patients with hyperfibrinolysis who died was significantly higher. After adjusting for age, sex, injury mechanism, ISS, coagulation state (PT INR), and shock state (lactic acid level), hyperfibrinolysis was considered as an independent predictor of mortality. Of the other studies that considered hyperfibrinolysis as an independent predictor of mortality, Ives et al. [23] analyzed 118 patients with trauma and diagnosed 13 with hyperfibrinolysis. These authors identified hyperfibrinolysis as a strong independent predictor of mortality. Moreover, age, ISS, and lactic acid level were found to be independent predictors of mortality in patients with trauma.
ROTEM is useful in identifying patients with hyperfibrinolysis due to severe trauma in real time. Although, Cochrane's systematic review suggests that now VHA should only be used for research purposes in trauma patients [24] . Still, many stud- ies have identified the usefulness of VHA in the trauma setting [25] [26] [27] [28] [29] . To the best of our knowledge, there is no study published that has involved VHA use in patients with severe trauma in Korea. Therefore, this study is significant because it showed the first application of VHAs in patients with trauma in Korea. The present study had several limitations. First, this was a retrospective study, so selection bias could have been present. Second, the study was conducted in a single center; thus, the results could not be generalized. Third, the number of patients with hyperfibrinolysis is small, and the statistical power is limited. Fourth, tranexamic acid is an antifibrinolytic agent, which was widely studied in patients with trauma, and is considered an evidence-based treatment of hyperfibrinolysis in patients with trauma [2] . However, we did not investigate the association between the administration of tranexamic acid and mortality. Finally, we did not measure the fibrinolytic activity based on laboratory tests, such as ELT, plasmin-a2-antiplasmin, and plasminogen activator inhibitor-1.
In conclusion, hyperfibrinolysis is associated with increased mortality, worse metabolic acidosis, and severe coagulopathy. Moreover, it is an independent predictor of mortality in patients with trauma. Other independent predictors of mortality include ISS, lactic acid level, and age.
